The rabbit has been used as an animal model in experiments to elucidate physiological and pathological mechanisms and in hazardous tests of toxic pyrogenic and teratogenic agents \[[@r18]\]. The rabbit also provides an important model animal for the study of atherosclerosis. This is because the characteristics of lipid metabolism in rabbits is more similar to that in humans compared with other animal models such as laboratory rodents like mice and rats \[[@r28]\]. The Watanabe heritable hyperlipidemic (WHHL) rabbit is considered a valuable model for research on hyperlipidemia and has contributed to elucidating mechanisms of lipid metabolism \[[@r25]\]. The rabbit has also been used in experiments that involve surgical operations in cardiology, orthopedics, and so on because of its body size, which is larger than laboratory rodents \[[@r10]\].

The Japanese White (JW) rabbit is a widely employed laboratory albino rabbit, along with the New Zealand White (NZW) rabbit \[[@r21]\]. The JW rabbit originated from the species Oryctolagus cuniculus from the Iberian Peninsula of Europe \[[@r6]\] and is documented to have been introduced to Japan at the beginning of the Meiji era (1868--1912) \[[@r11]\]. The JW rabbit was bred around the city of Daisen in the Akita prefecture for more than 100 years to yield more meat and fur. A large rabbit breed was established by introducing foreign rabbits such as the Flemish giant rabbit \[[@r7], [@r11]\]. The resulting rabbit breed was registered at the Ministry of Agriculture, Forestry and Fisheries of Japan as Akita Kairyo (meaning "improved" in Japanese) rabbit ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Comparison of body size of JW-AKT (left) and JW (right) rabbit.).

Larger rabbit (including Flemish giant) models have been employed for medical research, especially in those that involved surgical treatment including vascular \[[@r2], [@r9], [@r17]\] and orthopedic \[[@r3],[@r4],[@r5], [@r12], [@r13], [@r23]\] surgery due to its body size. Because of recent greater animal welfare advocacy for the ethical treatment, it is getting harder to use dogs as an experimental animal \[[@r19]\]. Thus, there is increasing demand for the use of the larger rabbit as an animal model to replace the dog in experiments with the surgical treatment. Akita Kairyo rabbit which is albino has an advantage for laboratory use compared to colored Flemish giant.

However, since Akita Kairyo rabbits were bred as livestock animals in open field conditions, their microbiological status was not controlled. As a result, Akita Kairyo rabbits often exhibit infectious diseases like snuffles which can interfere with the results of experiments. Thus we have established a specific pathogen free (SPF) colony of Akita Kairyo rabbits housed in microbiologically controlled facilities for animal experiments, and named JW-AKT \[[@r20]\].

The present study was conducted to clarify the anatomical and hematological characteristics of JW-AKT rabbit by comparing to JW and NZW rabbits for presenting its utility value in medical research.

MATERIALS AND METHODS {#s1}
=====================

The protocols for animal experimentation performed in this study were approved by the Animal Committee of Akita University. The university's "Regulation for Animal Experimentation" was completely adhered to in all subsequent animal experiments.

Breeding of SPF rabbits
-----------------------

The JW-AKT rabbits were bred in the animal room, part of the animal facilities at Akita University. The animal room was under a barrier system and regulated in temperature (23 ± 2°C), humidity (50 ± 10%) and illumination (lighting, 7:00--19:00). The rabbits were housed in 653 (wide) × 653 (depth) × 450 (height)-mm cages (Tecniplast Japan Co., Ltd., Tokyo, Japan) and given Lab Stock R (Nihon Nosan Co., Ltd., Yokohama, Japan) and sterilized water *ad libitum*.

The colony was maintained by artificial inseminations with semen from Akita Kairyo rabbits bred out of the SPF colony. Sperm collected from male Akita Kairyo rabbits bred under conventional conditions was rinsed with Tris-Citrate-Glucose buffer (313.8 mM tris, 103.1 mM citric acid, and 33.3 mM glucose) containing kanamycin (180 *µ*g/m*l*) and sperm concentration was adjusted with the same buffer to 20 × 10^6^ sperms/m*l*. SPF females were inseminated with 0.5 m*l* of the sperm solution using a glass pipette and concurrently injected with hCG.

Body and organ size
-------------------

Body weight (BW) of JW-AKT and control JW (SPF, Kbl:JW, Kitayama Labes, Ina, Japan) rabbits in each sex were monitored until 52 weeks of age (W).

The matured JW-AKT (between 21--35 months of age), JW and NZW (over 12 months of age, SPF, Kbl:NZW, Kitayama Labes) rabbits were sacrificed with overdose of anesthetics (ketamine + medetomidine). Organs including brain, heart, lung, liver, spleen, kidney, testis/ovary were dissected and weighed. Diameters of carotid artery and abdominal aorta, and femur head were measured.

Body length (distance between roots of auricle and tail) and body fat (weights of mesenterium fat and abdominal subcutaneous fat) was compared between sexes in JW-AKT rabbit.

Hematological examination
-------------------------

JW-AKT rabbit were fasted for 15 hr and blood samples were collected via the ear vein using a heparinized syringe. Red blood cell (RBC), white blood cell (WBC), hemoglobin (Hb), hematocrit value (Ht), and platelet (PLT) were measured by an automatic hematology analyzer (Celltac MEK-5258, Nihon Kohden, Tokyo, Japan). Total protein (TP), total cholesterol (T-cho), high density lipoprotein cholesterol (HDL-c), glucose (GLU), aspartate aminotransferase (AST), alanine aminotransferase (ALT), blood urea nitrogen (BUN), and creatinine (CRE) in plasma were measured by an automatic chemical analyzer (Fuji Dri-chem 3000V, Fujifilm Corp., Tokyo, Japan). Triglyceride (TG) and non-esterified fatty acid (NEFA) were measured using Triglyceride E-test Wako and NEFA C-test Wako respectively (Wako Pure Chemical industries, Osaka, Japan).

Statistical analysis
--------------------

Significant differences (*P*\<0.05) in BW were tested at each age with a two-way factorial ANOVA using SPSS Statistics 24.0 (IBM, Armonk, NY, U.S.A.). This was followed by Bonferroni correction applied to the four groups formed by the combinations of JW-AKT and JW rabbits in each sex. The same analysis was employed to test the differences of organ weight among the three strains within the same sex. Sex differences in organ weight and hematological values were examined with Student's *t*-test using Excel 2010 (Microsoft).

For the statistical accuracy, 7 rabbits per each group in monitoring of body weight growth and 5 rabbit per each group were used in other experiments.

RESULTS {#s2}
=======

The BW of the rabbits increased rapidly until Week 16 (16 W) and moderately thereafter ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Change of body weight with age in the JW-AKT and JW rabbit. ‡*P*\<0.01; †*P*\<0.05, significantly different from male within the same strain. \**P*\<0.01, significantly different from JW in the same sex.). Although there was no difference in BW among the groups until 8 W, the difference between the JW-AKT and the JW rabbit became clearer with aging in both sexes ([Fig. 2](#fig_002){ref-type="fig"}). Additionally, BW in females was significantly higher than in males after 24 W in the JW-AKT rabbit. At 52 W, the BW of male JW-AKT rabbit was 5.7 ± 0.4 kg, which was significantly higher than the JW rabbit (4.0 ± 0.3) kg ([Fig. 2](#fig_002){ref-type="fig"}). In females, the BW of the JW-AKT rabbit was 6.4 ± 0.4 kg at 52 W, which was significantly higher than the JW rabbit (4.5 ± 0.4 kg) and the male JW-AKT rabbit ([Fig. 2](#fig_002){ref-type="fig"}).

Body length of JW- AKT rabbit was 51.2 ± 2.6 cm in males and 50.6 ± 3.8 cm in females, which showed no sex difference. Weight of visceral fat of female (178.8 ± 32.7 g) was significantly higher (*P*\<0.01) than that of male (77.0 ± 25.4 g) in JW-AKT rabbit. The weight of heart, lung and kidney in JW-AKT rabbit was significantly higher than in JW and NZW rabbits in both sexes ([Table 1](#tbl_001){ref-type="table"}Table 1. Weight of body and organsBWBrainHeartLungLiverSpleenKidneyTestis/Ovary(kg)(g)(g)(g)(g)(g)(right, g)(right, g)MaleJW-AKT5.9±0.4^a)^11.1±1.014.8±3.7^a)^16.3±1.7^a)^88.3±8.81.4±0.313.4±1.5^a)^5.3±1.0^a)^JW3.7±0.2^b)^10.8±0.79.5±0.7^b)^10.0±0.6^b)^67.0±14.51.3±0.49.1±1.0^b)^2.5±1.2^b)^NZW4.2±0.3^b)^10.5±0.38.4±0.8^b)^9.9±0.7^b)^67.3±13.51.3±0.58.1±1.3^b)^3.5±0.4^b)^FemaleJW-AKT6.4±0.4^a)^9.7±1.013.3±1.8^a)^25.5±10.9^a)^91.8±17.9^a)^1.7±0.212.8±1.2^a)^0.4±0.2JW4.2±0.3^b)^\*10.4±0.49.3±0.7^b)^9.8±0.4^b)^63.2±11.1^b)^1.4±0.510.3±1.7^b)^0.5±0.1NZW4.3±0.4^b)^10.3±0.47.9±0.7^b)^10.0±0.7^b)^58.9±8.0^b)^1.6±0.17.4±0.6^c)^0.2±0.1Different superscript letters: Significant difference (*P*\<0.05) within the same sex; \*Significanty different from male of the same strain (*P*\<0.05).). The liver weight of JW-AKT rabbit was significantly higher than others only in female, and testis weight of male JW-AKT rabbit was significantly higher than others ([Table 1](#tbl_001){ref-type="table"}).

The diameter of femur head in JW-AKT rabbit was significantly larger than others in both sexes, and that of abdominal aorta in male JW-AKT rabbit was significantly larger than in male NZW rabbit ([Table2](#tbl_002){ref-type="table"}Table 2.Diameters of arteries and femur headCarotid artery\
(mm)Abdominal aorta\
(mm)Femur head\
(mm)MaleJW-AKT2.4±0.43.1±0.5^a)^11.2±0.7^a)^JW2.9±0.42.5±0.38.7±0.4^b)^NZW2.3±0.32.3±0.4^b)^9.0±0.4^b)^FemaleJW-AKT2.5±0.23.0±0.310.8±0.4^a)^JW2.6±0.42.6±0.58.9±0.5^b)^NZW2.4±0.42.7±0.58.8±0.4^b)^Different superscript letters: Significant difference (*P*\<0.05) within the same sex.).

The hematological examination showed a few sex differences in JW-AKT rabbit. RBC, Hb and PLT were significantly higher in male than female.

DISCUSSION {#s3}
==========

The present study revealed that BW, weights of heart, lung, liver (in female only), kidney and testis (in male), and the diameters of femur head and abdominal aorta were larger in JW-AKT than JW and NZW rabbits. On the other hand, the weight of brain and diameter of carotid artery was almost same among the 3 rabbit breeds. Therefore, JW-AKT rabbit is larger than general laboratory rabbits in physical constitution with same head size. In general, JW-AKT rabbit showed normal hematological characteristics ([Table 3](#tbl_003){ref-type="table"}Table 3.Hematological properties of JW-AKT rabbitUnitMaleFemaleRBC×10^4^/*µl*608.0±45.9519.6±59.7^a)^WBC×10^2^/*µl*43.8±22.341.4±20.9Hbg/d*l*13.0±1.110.7±0.4^b)^Ht%39.0±2.834.8±3.5MCVf*l*64.2±3.067.1±1.7MCH*p*g21.4±0.220.7±2.0MCHC%33.4±1.730.9±2.8PLT×10^4^/*µl*28.4±4.919.0±6.7^a)^T-chomg/d*l*26.6±4.633.4±11.0HDL-Cmg/d*l*20.0±6.226.4±11.6TGmg/d*l*51.5±9.356.3±25.2NEFA*µ*Eq/*l*590.1±255.3457.3±318.3GLUmg/d*l*145.0±60.8177.6±63.3BUNmg/d*l*23.5±3.026.6±6.6CREmg/d*l*1.2±0.41.1±0.2ASTIU/*l*18.2±8.220.0±10.2ALTIU/*l*17.6±11.915.2±6.6TPg/d*l*6.3±0.26.4±0.5a) *P*\<0.05, b) *P*\<0.01; significanty different from male.) similar to other laboratory rabbits \[[@r8], [@r26]\]. Though blood glucose level could be higher in JW-AKT than other rabbits, it is necessary to perform further examination like glucose tolerance test to diagnose glucose metabolism disorders. These would show that the origin and basic properties of JW-AKT is common to those of JW and NZW rabbits.

In comparison between sexes in JW-AKT rabbit, even though BW was rather lower in males, body length and brain weights tended to be higher in males than in females ([Table 1](#tbl_001){ref-type="table"}). Additionally, body fat was significantly higher in females, and therefore what affects difference in BW is body fat, rather than the physical constitution of female JW-AKT rabbit. Though RBC, Hb and PLT were significantly higher in males, no critical sex difference was found in hematological parameters in JW-AKT rabbit.

Rabbits have been employed as an animal model especially in experiments accompanying surgical operations due to their physiological characteristics and moderate body size compared with small laboratory rodents \[[@r10]\]. Recently, the perspective of animal welfare has required an animal model to replace dogs. Although (mini) pigs are a prime candidate for an animal model to replace dogs in surgical experiments \[[@r27]\], their care and microbiological control is difficult. Thus, JW-AKT rabbits could serve as an alternative candidate for an animal model to replace dogs because of their body size and easiness in handle. The larger rabbit (including Flemish giant) models have been employed for medical research with surgical treatments especially in vascular \[[@r2], [@r9], [@r17]\] and orthopedic \[[@r3],[@r4],[@r5], [@r12], [@r13], [@r23]\] experiments. Additionally, large body size is advantageous in collection of a large amount of biological specimen. Rabbits have been frequently used for yielding specific anti-serum. The larger rabbit provide larger amount of serum since it is known that blood volume is proportional to BW, and concurrently, required number of animals will be reduced. Not like colored Flemish giant rabbit, JW-AKT is albino, and thus can be a prime candidate in laboratory use \[[@r15], [@r16], [@r22]\].

JW-AKT rabbit bred in SPF condition has the advantage over conventional large rabbit models in health control. Rabbits are known to show severe inbreeding depression \[[@r1], [@r24]\], and thus a considerable number of animals is needed to maintain a rabbit colony. Since breeding a large number of rabbits under SPF conditions requires considerable space and cost, we designed the livestock resource such that a SPF colony could be maintained within a minimum number of rabbits. It is advantageous that artificial insemination can be used in rabbits, and the sperm from livestock rabbits did not serve as an infectious source of the specific pathogen when rinsed with Tris-Citrate-Glucose buffer containing antibiotics \[[@r14]\].

In conclusion, the novel albino rabbit breed JW-AKT rabbits are more than 1.5 times larger than general laboratory rabbits with basic properties common to JW and NZW rabbits so can be a valuable animal model.
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